ABSTRACT. The publication has a cognitive research character. It presents a comparative analysis of free Internet services in Poland and abroad, used to adjust the data obtained using satellite measurement techniques. The main aim of this work is to describe and compare free tools for satellite data processing and to examine them for possible use in the surveying works in Poland. Among the many European and global services three of them dedicated to satellite measurements were selected: ASG-EUPOS (Poland), APPS (USA) and CSRS (Canada). The publication contains the results of calculations using these systems. Calculations were based on RINEX files obtained via postprocessing service (ASG-EUPOS network) POZGEO D for 12 reference stations in the South Poland.
INTRODUCTION
For many years, the measurement techniques using satellite equipment have been used globally. One can observe continuous organizational and technical measures aiming to increase the accuracy of measurement results using these techniques. This applies to both satellite measurement methods in real time and in postprocessing. Many Internet services are offering services to adjust geodetic calculations. Unfortunately, not all of them perform this service free of charge.
The aim of this study is to describe and to compare the parameters of the selected web applications, designed to elaborate a "raw" data from GNSS. These applications are available from any web browser. To comparison were selected: ASG-EUPOS (Poland), APPS (USA) and CSRS (Canada).
DESCRIPTION OF THE SYSTEM
The main segment of the system is a receiving segment, which is responsible for collecting data and transferring them to the Computing Center. In Computing Center current data from the reference stations are automatically calculated and corrections are generated for RTK and DGPS, which next are made available to users of the system. In addition, the Managing Centre is responsible for maintaining the reference system of the state. Users are the third segment of the system. They benefit from the services of the system using receivers with communication module, usually a device with GPRS module. It is also possible to calculate the position without such a service module using postprocessing.
The accuracy of RTK / DGPS measurements decreases with increasing distance from the base station. Therefore, the system ASG-EUPOS uses surface (or network) corrections. This is possible thanks to the combination the reference stations in the network where as was mentioned before stations send GNSS to the Computing Center, where corrections are generated and made available to users. In the service NAWGEO (one of the few services available in the system) surface corrections such as MAC, VRS, FKP are available .
ASG-EUPOS system offers its users the services available so far for free. Services are divided mainly on the services of real time and postprocessing ones. These services differ from one another primarily with measurement accuracy and hardware requirements. In detail they are presented in Table 1 . The main service of the system is the service NAVGEO, which is a real-time service used by surveyors in Poland. Its accuracy allows the comprehensive use of applications in the field measurements, provided one has a dual-frequency receiver and a convenient configuration of the measurement field. The post-processing services are intended for users performing static measurements, which are characterized by high measurement precision depending on the conditions and length of the measurement sessions. Service POZGEO D allows you to download data from the reference stations in order to apply the observations to independent calculations on the user software. Due to the fact that all the calculations are performed in users own software, the user can adjust the settings to meet his requirements to a greater extent than through an application made available by the system ASG-EUPOS. All activities related to the collection of data are carried out using a web browser.
POZGEO service offers the ability to automatically calculate the observational data from static measurements. The entire computational procedure is done through the web application and the user can set only the options available in the application.
The use of web-based ASG-EUPOS system is widely known in Poland and described in detail in a number of positions of literature [Bosy J. et al. 2007] , [Kadaj R., ĝwiĊtoĔ T. 2009 ], Oleniacz G. 2012] , [Siejka Z. 2011 [Siejka Z. ], [ĝwiątek et al. 2011 , [UznaĔski A. 2012] .. The description of the procedure available on the website of the service is more than enough for the smooth use of its features. The following description is the collection of essential information, which from the point of view of a comparative analysis taken in the paper was considered important.
Using the services of ASG-EUPOS is fully automated. For real-time services it is sufficient to enter in the receiver software appropriate options such as the port number of the selected service and the username and password obtained by registering each user of the system. In Europe, there are many similar systems [Parseliunas E. et al. 2007] . The themes of the technical details of the construction of similar networks and their applications can also be found in many references [Brockmann E. 2009] , [Habrich H. 2007] , [Hirt C. 2011] .
THE PROCEDURE FOR OBTAINING COMPUTING DATA
After logging in to POZGEO D the user will find intuitive and easy to use interface with the help of which we can generate data from the physical reference station CORS or the virtual station VRS. To obtain the data, user adds order and chooses between a physical and virtual station. When choosing a physical station the user can choose available national stations that can be chosen from the list. For the purposes of this study the following stations were selected: KATO, KLCE, KRA1, KROS, LELO, NWSC, NWTG, PROS, PRZM, TABG, TRNW and ZYWI. When a station is selected, user goes to the options window that is offered by this service. The user selects here the date and time at which the measurements were performed and the interval at which he wants to get the data (available from 1 to 60 seconds). In this way the user can obtain requested data on e-mail or download them from his account after logging in the system. The time it takes to generate the ordered set of observations depends on whether at this time the service is more or less burdened by other users. There is also the possibility of failure in generating the data caused by interruptions in data collection on a particular station. Planned interruptions or failures in the operation of the station or system are described on the website of the service. When ordering, the user can select the data format in which he wants to download them, available formats are as follows: RINEX, DAT, TGD, T01, T02.
After downloading the observations a set of three files for each station is obtained. These are observational files of satellites NAVSTAR, GLONASS, file with the observations of both systems and a file with a summary of the contract which contains, inter alia, information about the: station name, date, time and duration of the session, the time of data generating, interval, the available epochs, the data format. Such data can be used in the selected programs suitable to perform the postprocessing.
On the other hand -with the help of the POZGEO service the user can transfer his data from the session of the static measurement performed by the phase method to perform calculations in postprocessing mode. The method is fully automated and access to it is possible from a form in a Web browser. Files uploaded to the service after screening the format compatibility are calculated using automated software Automatic Postprocessing Software for Trimble Application (APPS). Using the service is limited to attaching a RINEX file (ang. Receiver Independent Exchange Format) and antenna model selection in selection table. The user has to choose the model of the receiver antenna which actually has been used. It is also possible to take advantage of two additional options: NONE or RINEX. If option NONE is selected-any model of the antenna is not adopted in the calculations. As a result, the program will "assume" that the antenna phase center is the same as the geometric center (phase center offsets will be equal 0). As the result of this assumption, however, the results of measurements will be subject to errors reaching values up to several centimeters. In the case of the second option -RINEX -model of the antenna will be downloaded from the RINEX file header. If the model in the RINEX file will be indicated incorrectly, or not in accordance with the ANTEX format, then the model NONE will be accepted automatically [Kadaj, ĝwiĊtoĔ 2009 ].
The file sent to the calculations must be in the RINEX format v2.xi and not exceed 17 MB. It should be remembered that the file sent to the calculations had RINEX v2.xi format and not exceeded 17 MB. In addition, observations must be made to the minimum of four satellites simultaneously. The duration of the measurement should be from 15 minutes to 24 hours. In turn, the number of measuring epochs should be in the range of 720 to 3600. If the file that was send contains more than 3600 epochs, the measurement interval is automatically changed to a multiple of specified interval.
Calculations are performed with the use of the six nearest reference stations, which determined vectors satisfy the requirements of accuracy. The result of the calculation are adjusted coordinates in ETRF2000 system (European Terrestrial Reference Frame) and additionally user gets coordinates transformed to the systems used in Poland: 1992 Poland: , 2000 Poland: , 1965 , UTM and the heights in ellipsoidal and Kronstadt 86 systems. Using this method is convenient and relatively quick, but limited in possibilities of data and the coefficients preview. Besides receiving a set of coordinates and their errors the user has no influence on the course of the calculations.
AUTOMATIC PRECISE POSITIONING SERVICE OF THE GLOBAL DIFFERENTIAL GPS (GDGPS) SYSTEM.

Automatic Precise Positioning Service (APPS) of the Global Differential GPS (GDGPS)
System is a web application for the calculation of the GPS data using the Jet Propulsion Laboratory (JPL) data such as: GPS satellites orbits in real time and JPL time patterns of GDGPS system, daily and weekly precise orbits and GPS time and the JPL GIPSY-OASIS software for precise GPS measurements.
This application provides services free of charge for postprocessing of static measurements. In addition, it offers services such as generating receiver position in time series when it was in a motion, on the ground or in the air. Fig.2 shows the locations of APPS stations. Global Differential GPS (GDGPS) is a system for monitoring and support of GPS, it uses the network of real-time reference receivers. It allows calculating the position in real time with the precision of 10 cm and a sub-nanosecond precision of data transfer anywhere on the Earth, in the air, in space -regardless of local infrastructure. GDGPS using the real-time network tracks civil frequency signals L1 and L2. Redundant satellite range provides smooth and reliable global coverage. The data from the reference stations are transmitted to one of four GDGPS Operation Centers (GOC). The data are there converted by the Real Time GIPSY (RTG) software in order to obtain real-time differential correction to the orbits of satellites and the GPS time. The basis of the GDGPS network is the Global GPS NASA Network. The owner and operator of some 70 high-quality dual frequency receivers located around the world is the JPL. Additional positions of receivers are made available by many U.S. and international partner organizations, which gives about 100 stations (data from 2006). At one time, each satellite is observed on average in the 25 locations, the minimum redundancy is 10.
Using a variety of data transmission channels to operating centers, including Internet, VPN (Virtual Private Network)), satellite transmissions and Frame Relay (packet-switched network used to connect remote LANs) causes a system delay about five seconds. Sending data to the operating center takes about one second, the remaining time is used for data processing and data quality control.
As in the Polish ASG-EUPOS, to use the Automatic Precision Positioning Service (APPS) it is necessary to log on this service site (http://apps.gdgps.net). This application supports files of the RINEX Version 2 or 2.11 with any file name and a minimum interval of one second. It is possible to send files from static and kinematic measurements. APPS offers four modes of data processing, which are a combination of two methods: static and kinematic. It also offers two options for delay: Near Real Time and Most Accurate Static -static mode where it is assumed that the receiver remains in place without moving, so it will generate one set of coordinates of the site.
Kinematic -kinematic mode where it is assumed that the receiver can be in motion therefore a series of coordinates in the default or lower time interval is generated. Source: http://apps.gdgps.net Figure 4 presents the results window with calculation results. It can be used to read geodetic coordinates of the calculated point and preview point location on an interactive map. The results can be downloaded separately by clicking on the links below the map or in a package. A README file is provided for each results file, explaining its content. The ".sum" file sums up the calculations. The headers are preceded with a hash symbol. The part that follows contains tabular information. The header contains information such as: input filename, calculation duration, time interval, horizon cutoff angle, navigation orbit details, number of phase and pseudodistance measurements, as well as the number of rejected measurements and estimated receiver coordinates in both Cartesian and geodetic coordinate systems.
It should be remembered that all calculations performed by APPS application are made in the ITRF2008 system.
CANADIAN SPATIAL REFERENCE SYSTEM (CSRS)
Canadian Spatial Reference System (CSRS) is managed by Geodetic Survey Division (GSD)
of Natural Resources Canada (NRCan's). It is resposible for the Canadian reference system including parameters of the Earth's orientation and rotational velocity and for the development of positioning and navigation in Canada. CSRS also provides other products, such as:
x RINEX file postprocessing with use of Canadian Active Control Points (ACP), which can be related to Polish reference stations network. x GPS satellite ephemeris files generated with use of Canadian and foreign reference stations with use of ULTRA RAPID orbits. x High-precission 3D reference point network (The Canadian Base Network -CBN) distributed on the territory of Canada as pillars with an option of instrument forced centering, used as the highest precision reference points. x The Canadian Gravity Standardization Net (CGSN) is a network of gravitational reference stations, distributed uniformly around Canada. x The Canadian Geodetic Vertical Datum of 1928 (GCVD28.) is a network of elevation reference points, located along main communication routes in Canada.
x Northern Horizontal Control Network (2D) is a network of horizontal reference points established using various (non-satellite) methods of medium precission, located in the northern part of Canada, 20 to 100 kilometers apart.
CSRS consists of a network of points, whose coordinates are precisely determined, what constitutes Canadian network. CSRS includes "subnetworks" of various precision and application, from the basic ACP network, through traditional CBN network to Gravity Reference Stations (GRS).
The Canadian Base Network was established in the year 1994. It consists of points located on permanent pillars on which measurement instruments can be installed with forced centering. Precise measurement of the pillars with use of GPS allows to use CBN points to monitor land deformation and to verify the reference system in Canada. It has one centimeter precision of point with respect to the Canadian Active Point System (CAPS) and is its densification. The points are located 200km apart on the south, 500km apart in the middle and 1000km apart in the north of Canada. Figure 5 presents the locations of CACS stations. Introduction of GPS in the 1980s resulted in creation of Geodetic Survey Division of the Canadian Active Control System (CACS), whose purpose was to track GPS satellites and to calculate their precise orbits. The Canadian Active Control System consists of reference points all over the country which gather GPS data, used for calculation of precise orbits of the satellites, which can be later used nationwide and worldwide. Additionally, for GPS users the data is available for free and can be used as base station data for various differential measurements in postprocessing. The data is available in RINEX format with 30 second interval. Availability of precise ephemeris and atomic time standard allows to determine the position with high precision not only in Canada, but also all over the world, depending on the influence of interference and multipath at the place of measurement. Thanks to the use of precise ephemeris calculated by CACS it is possible to reduce the errors related to the determination of satellite orbits to 0.1 ppm (parts per million). In the case when ephemeris are received directly from the satellites this error can exceed 3ppm. CACS data are also used by The International GNSS Service (IGS). In CACS also functions a computational center which allows sharing the data with international organizations, such as International Earth Rotation Service (IERS), NASA Crustal Dynamics Data Information System (CDDIS), US National Geodetic Survey (USNGS).
Precise ephemeris of GPS satellites and corrections from atomic clocks are being calculated based on the data collected by CACS and IGS reference stations worldwide. Canada owns one of ten data centers which take part in calculation of precise ephemeris of the satellites.
The calculations performed by CSRS-PPP 1 web application use the most precise ephemeris available at the moment of calculations. Thanks to the ephemeris prepared in this way, and to the precise time standard it is possible for this application to perform calculations based on statistical measurements with precision of a few centimeters (for any location worldwide). To achieve high precision it is required to use dual-frequency receivers for measuring sessions taking at least 12 hours (Tab.3). The Canadian Spatial Reference System does not allow downloading corrections in real time (RTK). It offers for the users to determine the position in space with centimeter precision with use of the postprocessing software which can be opened in a browser. The application and access to large amounts of data is free and available for anyone after registration on the website: www.nrcan.gc.ca. For the convenience of the users, PPP Direct software was developed. It offers the same possibilities as the browser application, but it does not require the user to log in. The calculation results are automatically sent to the e-mail address provided by the user.
While using the CSRS-PPP post processing application, the user has to provide the path to RINEX file which contains raw measurement data. For users' convenience, the panel contains information regarding file preparation. Next, the user selects the method and system in which the results will be provided. One can choose between ITRF (International Terrestrial Reference Frame) and NAD83 (North American Datum). After selecting the system, the user provides e-mail address, to which the calculations will be sent, and clicks "START". The whole process is automatic and the results can be downloaded from the e-mail inbox. Parameters, such as observation interval, antenna type and height, as well as approximate coordinates, are automatically imported from the RINEX file.
The data e-mailed to the user contain four files which give an insight into the quality of gathered data. They include x "*.sum" 2 text file, containing a summary x "*.pos" text file, containing station parameters for each epoch in the session x "*.csv" file, containing the calculated coordinates for each epoch in the session x "*.pdf" file, containing the summary and graphical interpretation Data prepared in this way serves as a source of huge amount of information regarding the measurement session and calculations. It should be noted, that static session observations allow using kinematic calculations, which can be used to evaluate the position divergence in time. In the opposite case, using kinematic session in option of static calculations, the most of observations will be rejected because of too much divergence from the mean position. For advanced users, the prepared data can be a source for data for analyses of precision, signal quality and more. For an average user, the data can also be very useful, however only a part of it is needed. The reports are a source of knowledge regarding the quality of acquired data. Table 4 presents comparison of discussed internet applications according to selected criteria. Corrections with respect to satellite orbits and time standard
COMPARISON OF INTERNET SERVICES: ASG-EUPOS, APPS AND CSRS
Spatial limitations
Area limited to Poland's territory and its immediate vicinity due to the limitations with respect to distance from ground-based reference stations In order to compare the coordinates acquired for 12 selected reference stations, they were transformed into the Polish ETRF2000 coordinate system, with use of software available on the following website: http://www.epncb.oma.be/_productsservices/coord_trans/. Table 5 lists the coordinates in own coordinate systems of the following applications: ASG-EUPOS (ETRF2000), APPS (ITRF2008), CSRS (ITRF2008). Table 6 presents the coordinates after APPS transformation from ITRF2008 to the uniform coordinate system obligatory in Poland (ETRF2000). Table 7 presents differences between ASG-EUPOS and APPS in ETRF2000 system. Table 8 presents the coordinates after CSRS transformation from ITRF2008 to the uniform coordinate system obligatory in Poland (ETRF2000). Table 9 . presents the differences between ASG-EUPOS and CSRS coordinates in ETRF2000 system. 
CONCLUSIONS
The scope of the study covered testing all of the described applications on 12 RINEX files acquired from POZGEO D service of ASG-EUPOS system.
The obtained results prove the attainment of declared precisions in the scope of information given on the websites of APPS and CSRS on the results of direct calculations. However, after transformation of the results to the ETRF 2000 system from ITRF2008 the obtained differences of the points coordinates were of the order of centimeters and decimeters, and the vectors of points in the individual coordinate systems and their errors were as follows:
x The average displacement vector for the transformed points from ITRF 2008 APPS to ETRF 2000 amounts to 0,082m, and its components are dx=0,053m, dy=-0,048m, dz=-0,024m. x The average displacement vector for the transformed points from ITRF 2008 CSRS to ETRF 2000 amounts to 0,165m, and its components are dx=0,147m, dy=0,046m, dz=0,057m. x Mean error of the displacement vector between the coordinates from ASG-EUPOS and from APPS amounts to mdp=0,083m and its components are mx=0,057m, my=0,053m a mz=0,028m. x Mean error of the displacement vector between the coordinates from ASG-EUPOS and from CSRS amounts to mdp=0,169m and its components are mx=0,015m, my=0,051m a mz=0,059m.
The greatest error affects the results of the transformation of the observations adjusted in the application CSRS (this applies in particular to the differences of the results obtained in ASG-EUPOS in the horizontal plane, where dx = 0.160 m). The reason for this situation may be the fact of adoption to data calculations the observations based on static measurements executed in less time than was recommended in CSRS (Table 3 ). In addition, the reason for discrepancies may be the distribution of the CSRS stations only within Canada, and not globally as is the case of the APPS stations.
The main advantage of using ASG-EUPOS, APPS and CSRS application is that they are free and public. Foreign applications have many features in common, using them is intuitive and takes as much time as ASG-EUPOS. In many cases of geodetic works, use of such software can minimize the costs and time as well as offer an alternative should ASG-EUPOS stop offering free services. The applications are fully automatic and run in an internet browser.
Usefulness of APPS and CSRS in the geodetic works in Poland seems to be possible, but not to the same extent of the use of both services and using them in the works of lower accuracy. The results of this test indicate greater suitability of calculations with the use of the APPS than with the CSSR under our latitude. Research in this direction will be continued, and presented in this publication are only partial results of the pilot character.
Preliminary studies of differences determined points coordinates showed that all services meet the precision conditions which they declared but are not fully suited to adjustment of static measurements in Poland. Perhaps prolonged time of the observations would be beneficial for the final results. These studies will be continued in the future.
Knowledge regarding the tested applications can be also useful due to the fact, that modern land surveyor should be ready to rapid and distant changes of the workplace. It is possible, that applications such as APPS or CSRS-PPP, in such situations, will be useful in adjustment of land surveying tasks from static measurements in postprocessing mode.
